Introduction: Assessment of functional capacity is an intrinsic part of determining the functional relevance of response to treatment of cognitive impairment in schizophrenia. Existing methods are highly and consistently correlated with performance on neuropsychological tests, but most current assessments of functional capacity are still paper and pencil simulations. We developed a computerized virtual reality assessment that contains all of the components of a shopping trip. Methods: We administered the Virtual Reality Functional Capacity Assessment Tool (VRFCAT) to 54 healthy controls and to 51 people with schizophrenia to test its feasibility. Dependent variables for the VRFCAT included time to completion and errors on 12 objectives and the number of times that an individual failed to complete an objective. The MATRICS Consensus Cognitive Battery (MCCB) and a standard functional capacity measure, the UCSD Performance-Based Skills Assessment-Brief (UPSA-B), were administered to the patients with schizophrenia. Results: Patients with schizophrenia performed more poorly than healthy controls on 10/11 of the time variables, as well as 2/12 error scores and 2/12 failed objectives. Pearson correlations for 7 of 15 VRFCAT variables with MCCB composite scores were statistically significant. Conclusion: These results provide support for the possibility of computerized functional capacity assessment, but more substantial studies are required.
Introduction
Schizophrenia is marked by substantial impairments in everyday functioning in multiple domains (Harvey and Bowie, 2005) . Achievement of functional milestones in areas such as full-time employment, independence in residence, and social functioning is reduced compared to both healthy people and other severe mental illnesses such as bipolar disorder . Candidates for the causes of these impairments include cognitive deficits, impairments in the ability to perform the skills required to achieve success in everyday, negative symptoms and depression, health variables, and a variety of social, cultural, and environmental factors.
A recent development in research on the determinants of disability in schizophrenia has been performance- (Harvey et al., 2007) and interview-based (Keefe et al., 2006) measures of Functional Capacity (FC). Studies of performance-based assessments of FC have found that impairments on these measures predict failures to achieve milestones in vocational, residential, and social domains Mausbach et al., 2013) in schizophrenia and bipolar disorder populations Depp et al., 2012) . Whether everyday functioning is defined either by milestone achievement (Gould et al., 2012) or by ratings generated by highcontact informants , impairments on measures of FC have typically been found to be more proximal to everyday functional deficits than cognitive impairments. Further, the correlation between performance on FC measures and neuropsychological (NP) tests has been remarkably consistent and substantial, typically r = 0.60 or greater (Leifker et al., 2011) .
The importance of valid and efficient assessment of FC has been increased by the requirement of the US Food and Drug Administration (FDA) that all studies attempting to demonstrate improvements in cognitive functioning induced by pharmacological or cognitive remediation means also provide evidence of functional relevance by "coprimary" measures (Buchanan et al., 2005; Buchanan et al., 2010) . In a study of people with schizophrenia, performance-based assessments of FC, specifically the UCSD Performance-Based Skills Assessment (UPSA; Patterson et al., 2001 ) and the Test of Adaptive Behavior in Schizophrenia (TABS; Velligan et al., 2007) , demonstrated substantially higher correlations with NP test performance than patient self-reports derived from interview-based measures . Although use of high-contact informants, particularly clinicians, yields correlations with NP performance consistent with performance-based measures of FC (Keefe et al., 2006) , many people with schizophrenia may not have access to high-contact clinicians (Patterson et al., 1997) and the use of informants other than closecontact caregivers or clinicians may yield questionable results (Poletti et al., 2012; Sabbag et al., 2011) .
Functional capacity measures have also demonstrated high levels of test-retest reliability, minimal practice effects, and minimal missing data in large-scale clinical trials . Despite these multiple strong features, there are some limitations to the current set of FC measures. These measures are delivered in a paper and pencil format, which is not practical for remote delivery or for simultaneous assessment of multiple cases. With the advent of remotely deliverable cognitive remediation therapy (CRT), in-person assessment of functional gains may not always be possible. Further, these measures are comprised of several functional tasks that are not required consistently across different cultures and do not have alternate forms (Velligan et al., 2012) .
In an attempt to enhance the assessment of FC we have developed a computerized, immersive, and potentially remotely deliverable FC assessment referred to as the Virtual Reality Functional Capacity Assessment Tool (VRFCAT). The VRFCAT consists of a tutorial and 6 versions of 4 mini scenarios that include navigating a kitchen and planning a trip to the grocery store, catching a bus to a grocery store (selecting the correct bus and paying the correct fare), purchasing food at the grocery store, and returning home on a bus. Thus, this assessment strategy captures several of the functional domains of other FC measures: transportation, finances, household management, and planning. Further, the alternate forms are a unique feature of this assessment and the scenarios have the potential to be rapidly updated and cross-culturally adapted.
There have been previous efforts made to create computerized FC assessments. There is a long history of these tasks being used in aging populations in order to simulate functional demands that include either use of computer or interactive voice menus (Czaja and Sharit, 2003) . Computerized FC assessments have also previously been employed in schizophrenia. For instance, a computerized version of the UPSA was recently developed, although this assessment currently requires an in-person examiner . Virtual reality assessments aimed at delusions of persecution have been developed as well (Freeman, 2008) . Further, Kurtz et al. (2007) developed a medication management assessment with a virtual apartment. These previous assessments are different from the current one because of the sequential, multi-task demands of a simulated shopping trip and the goal of wide coverage of functional domains in the VRFCAT.
In this paper we present the preliminary results from the development and initial feasibility study of the VRFCAT. The VRFCAT was administered to both healthy individuals and people with schizophrenia. In addition, schizophrenia patients were assessed with the MATRICS Consensus Cognitive Battery (MCCB) and the UCSD Performance-Based Skills Assessment-Brief (UPSA-B). This study was conducted in sequence, with the healthy control (HC) group assessed first in order to understand the feasibility of the task and the schizophrenia patients examined later. Therefore, the samples were not selected to be "matched" on demographics and there are some differences between the samples. Our analyses examined the differences in performance between the HC group and people with schizophrenia, as well as the correlations between a standard paper and pencil functional capacity measure (UPSA-B), cognitive performance (composite scores on a modified version of the MCCB), and performance on the VRFCAT in people with schizophrenia.
Methods

Subjects
Two different samples of subjects were compared. During the development phase, 102 healthy controls from Durham, North Carolina, were recruited. As this was a feasibility study only, a formal assessment of psychopathology was not performed although subjects were asked if they had received previous mental health treatment. The subjects were tested with 1 of 6 randomly selected versions of the assessment and then asked to return for re-test with a different randomly selected version 7-14 days later. All research participants provided signed, informed consent, and this research study was approved by the Western IRB. Healthy control subjects received $20.00 per visit for their time and effort in completing the VRFCAT. Ninety of those 102 returned for testing with a different version of the application. Due to an initial data management problem that was later rectified, only 69 of the 90 who returned had complete data sets. During our initial analysis of the data, two application errors were identified: First, we observed that one of the versions of the VRFCAT yielded significantly outlying data and did not perform in an equitable way to the other versions. As a result, we excluded this version from all subsequent analyses. Second, we identified a programming error resulting in inaccurate collection of the time to complete Objective 12. This variable was therefore excluded from subsequent analyses. In addition, two significant outliers were discovered and removed from data analysis, resulting in a HC sample size of n = 54.
The patient sample was collected from one of the two sites participating in the Validation of Everyday Real-world Outcomes (VALERO) study, phase 2. All patients were recruited and assessed at the University of Miami Miller School of Medicine. All patients provided signed, informed consent, and this research study was approved by the local IRB. During the initial analysis of the data, one significant outlier was discovered and removed. In addition, four patients were removed from analysis due to rater administration errors, resulting in a patient sample size of n = 51.
All patients with schizophrenia were administered the Structured Clinical Interview for the DSM-IV (SCID; First et al., 1995) by a trained interviewer, and diagnoses were subjected to a consensus procedure. Participants were excluded if they had a history of traumatic brain injury with unconsciousness N10 minutes, brain disease such as seizure disorder or neurodegenerative condition, or the presence of any DSM-IV-TR diagnosis on Axis I that would exclude the diagnosis of schizophrenia. None of the patients were experiencing their first psychotic episode. In order to capture a broad array of patients, substance abuse was not an exclusion criterion for patients but anyone who appeared intoxicated was rescheduled. Inpatients were not recruited, but patients resided in an assortment of unsupported, supported, or supervised residential locations. Patients received $25.00 for their time and effort above and beyond their compensation for participation in VALERO-II.
Procedure
All participants were examined with the VRFCAT. All patients were also examined with a performance-based assessment of NP abilities and FC. The VRFCAT was administered to patients after completion of a comprehensive assessment of a variety of aspects of cognition and everyday functioning, which is partially reported here.
VRFCAT description
The VRFCAT was developed in order to measure four different functional abilities: checking for the availability of items to complete a recipe, taking a bus, shopping in a store, and managing currency. These scenarios were developed using immersive virtual reality (VR) technology. All participants received a brief tutorial, which included sample items similar to those from the test and practice in using the mouse and computer prior to their assessment. There were 12 different objectives, presented in Table 1 . For each objective, the dependent variables were accuracy of performance and time to completion. For all objectives, participants who were unable to complete the objective within a pre-specified time period or without making a certain number of errors were automatically progressed to the next objective.
2.2. Performance-based assessment for patients 2.2.1. Neurocognition
We examined NP performance with a modified version of the MCCB (Nuechterlein et al., 2008) . For this study, the MSCEIT social cognition measure was not included, as the VALERO investigators were interested in variables that were purely neurocognitive, and there is evidence that social cognition and neurocognition may be separate constructs (Ventura et al., 2013) . We calculated the composite score generated by the MCCB computer program, which is based on 6 of the 7 domain scores, excluding social cognition. See Kern et al. (2011) for a description of the typical patterns of impairment seen in schizophrenia patients on the MCCB.
In addition to the modified version of the MCCB, participants in the patient group completed the Wide-Range Achievement Test, 3rd edition (WRAT-3; Wilkinson, 1993) . This was done to ensure that all patients could read adequately to be assessed with the cognitive battery and also as an approximate index of intellectual functioning. Cases who received scores at less than the 6th grade level were excluded prior to any other assessments.
Functional capacity
Patients' FC was assessed using the Brief version of the UCSD Performance-Based Skills Assessment (UPSA-B; Mausbach et al., 2008) . The UPSA-B is a measure of FC in which patients are asked to perform everyday tasks related to communication and finances. During the Communication subtest, participants are required to role-play Get on the bus to the grocery store 7
Pay for the bus 8
Select an aisle 9
Shop for groceries 10
Pay for groceries 11
Get on the bus to go home 12
Pay for the bus exercises using an unplugged telephone (e.g., emergency call; dialing a number from memory; calling to reschedule a doctor's appointment). For the Finance subtest, participants are required to count change, read a utility bill, and write a check for the bill. The UPSA-B requires approximately 10-15 minutes to complete, and raw scores are converted into a total score ranging from 0-100, with higher scores indicating better FC. Recently Green et al. (2011) reported that the UPSA-B was determined to be the most suitable short form of the available FC assessments as a co-primary measure in clinical treatment trials.
Results
The HC sample had more females than the schizophrenia sample (65% versus 31%). The schizophrenia patients were 51% African American, 35% Hispanic, and 12% Caucasian, while the HC sample were 39% African American and 59% Caucasian. Each sample had one participant of Asian descent. The ages of the samples were similar, with the schizophrenia sample's age averaging 39.7 (SD = 11.95) and the HC group averaging 37.6 (SD = 12.48).
There are three aspects of performance on the 12 objectives that were examined and compared across groups: time to complete each objective, errors made on each objective, and number of times that the task was progressed to the next objective because the previous one was not completed in a timely manner. As can be seen in Fig. 1 , the schizophrenia patients performed significantly more slowly than controls on 10 of the 11 objectives with valid data and made significantly more errors on 2 of the 8 objectives with total errors greater than 0. As seen in the figure, the distributions of times and errors were quite similar for the HC group and patients, with no evidence of a global performance deficit across all objectives on the part of the schizophrenia patients. Table 2 presents the statistical tests of the differences between healthy controls and patients across the 12 objectives for time, errors, and forced progressions. Note that for every variable on which the HC and SCZ groups differed by p b 0.05, the differences would have met the Bonferroni correction for multiple corrections.
Next we examined the extent to which performance on different objectives discriminated the groups. For this analysis, which is intrinsically exploratory, we entered the variables which significantly discriminated the two groups in the domains of times, errors, and forced progressions from Table 2 , as well as the numbers of times the recipe was accessed, with α-level for entry set to 0.15 and α-level for remaining in the model set to 0.10. We selected items that were significant in a forward entry stepwise regression analysis and examined classification accuracy as well as variance contributed to discrimination. The final model yielded the 8 variables presented in Table 3 . Time and errors for getting on the bus home as well as time to pick up the billfold each contributed more than 10% variance to the canonical discriminant function. Classification accuracy was outstanding, with all 51 of the schizophrenia patients correctly classified and 53 out of 54 HC participants correctly classified as well.
In order to examine other potential influences on performance, we correlated age with summary variables from errors, time, and forced progressions on the VRFCAT in each sample separately. For the schizophrenia patients, total errors (r = 0.47), total time (r = 0.53) and total progressions (r = 0.52) were all statistically significant with p values b 0.001. In the HC sample, the correlations were noticeably smaller, total errors (r = 0.10), total time (r = 0.17), and total progressions (r = 0.09), and did not achieve statistical significance (all p values N0.20).
We also examined the correlations between MCCB scores, UPSA-B scores, and three aspects of performance on the VRFCAT objectives. In this analysis, we selected the individual VFRCAT variables that discriminated between HC and schizophrenia patients, as well as the three VRFCAT summary variables, and correlated them with the MCCB cognitive composite and the UPSA-B total score. These correlations are presented in Table 4 . As can be seen in the table, a number of the individual variables and summary scores for errors, time, and progression were correlated with the MCCB cognitive composite. Interestingly, in this preliminary study, there were no significant correlations between VRFCAT performance and any of the scores on the UPSA-B.
In a final descriptive analysis, we examined the total variance shared between the VRFCAT items and the MCCB cognitive composite. Using a forward entry stepwise regression, with a liberal criterion of p b 0.10 to enter, we found the following variables entered, in order, from the biggest to smallest contribution to total variance accounted for: errors while shopping, time to pick up the recipe, time to pay for groceries, and time to pay for the bus. The overall regression was statistically significant with these four variables entered, F(4,46) = 6.82, p b 0.001, and the shared variance between the MCCB cognitive composite and these four outcome variables was R 2 = 0.37.
Discussion
The assessment of functional capacity with virtual reality methodology in people with schizophrenia is feasible with the proportion of patients able to complete the assessment in a valid manner consistent with healthy controls. There is evidence that patients perform more poorly on several aspects of the task than healthy controls, without demonstrating evidence of global deficits on every element of the task. The parts of the task that were performed most poorly suggest slowing in the performance of information processing and working memory. In line with this finding, VRFCAT performance in schizophrenia patients was correlated with performance on the MCCB. Thus, the VRFCAT tentatively meets criteria for being a co-primary measure. There were no significant correlations of the VRFCAT total scores with performance on the UPSA-B, indicating that the VRFCAT and UPSA-B seem to be measuring different aspects of functional deficits. Further research will more systematically evaluate the relationships between the VRFCAT and other potential co-primary measures, as well as performing a more suitable normative understanding of the differences between HC and patients with schizophrenia on this task. There are some limitations in this study. Our healthy controls were tested first, as part of the development process of the VRFCAT, and as a result some participants were excluded because of problems with an earlier, immature version of the task. Educational attainment for the healthy controls was not measured systematically. The schizophrenia patients were not selected for representativeness to any prespecified group of patients, other than all participants being willing and able to participate in an extended assessment similar to those seen in a schizophrenia treatment trial. Gender and racial ethnic differences in the samples were present. Given the small sample sizes, there are no normative statements about performance that can be made and we cannot inquire about test-retest stability or the stability of correlations between the MCCB, UPSA-B, and VRFCAT in the current data set. These issues are being addressed comprehensively in an on-going study with substantial statistical power.
Our study does suggest that computerized functional capacity tests are feasible in schizophrenia patients and correlated with MCCB scores. The VRFCAT runs on standard operating systems and does not require specialized equipment such as a touch screen. Thus, the potential for remote deliverability is clear. Research is currently ongoing to more systematically examine the VRFCAT's psychometric properties in a much larger sample, including test-retest stability, deliverability across multiple sites, more extensive normative comparisons to healthy controls, and stability of correlations between MCCB and VRFCAT performance over time.
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